A class of discrete flavor-symmetry-based models predicts constrained neutrino mass matrix schemes that lead to specific neutrino mass sum-rules (MSR). One of these implies in a lower bound on the effective neutrinoless double beta mass parameter, even for normal hierarchy neutrinos. Here we propose a new model based on the S4 flavor symmetry that leads to the new neutrino mass sum-rule and discuss how to generate a nonzero value for the reactor angle θ13 indicated by recent experiments, and the resulting correlation with the solar angle θ12.
with the entry µ being very small. The diagram illustrating the mass generation through the inverse seesaw mechanism is shown in Figure I . 
in the basis where the charged lepton mass matrix is diagonal. Here there is a specific (complex) relation among the parameters x, y and z [23] , leaving only two free complex parameters, we obtain the sum mass rule in Eq. (4).
In the next section we give our model, in section III we present the predictions regarding the lower bound on the neutrinoless double beta decay amplitude, and discuss possible departures from tribimaximality, including a finite θ 13 value. In the appendix C we present details on the symmetry structure, Yukawa couplings as well as the scalar potential of the model.
II. THE MODEL
Here we follow table I given in reference [20] , where some possibles schemes realizing the tri-bimaximal mixing pattern are summarized for the inverse seesaw case. From these we will implement case 1), since the other two cases, 2) and 3), correspond to the mass sum rule relations C) and A) respectively, which have already model realizations in the existing literature,
In contrast to Ref. [20] here we adopt the S 4 flavour symmetry, instead of A 4 .
In order to obtain the S 4 -based inverse seesaw model we assign the charge matter fields as in table I. Three right handed neutrinos ν R are introduced, and three SU(2) fermion singlets S i , i = 1, 2, 3, the latter transforming as the 3 1
(note that ν c and ν R are conjugates, hence have opposite lepton number). All fermion fields in table I transform as the triplet 3 1 and the Higgs doublet as the trivial singlet 1 1 .
On the other hand, in order to generate the desired mass matrix structures we introduce five flavon fields, φ ν , φ ν , φ l , φ l , φ l supplemented by the extra symmetries Z 3 and Z 2 , whose assignments are given in table II. The presence of these extra Abelian symmetries in the theory ensures the presence of adequate zeros in the neutrino mass matrix. We keep renormalizability of the Lagrangian by adding a Frogatt-Nielsen fermion χ and its conjugate χ c , both singlets under the weak SU(2) gauge group [24] [25] [26] [27] . In table II we present the relevant quantum numbers of the matter fields in the theory under these extra symmetries.
L νR lR h S φν φ ν φ l φ l φ l σ χ χ The renormalizable Lagrangian relevant for neutrinos is
while the renormalizable Yukawa terms involving the messenger fields is
After integrating out the messenger fields χ, the effective Lagrangian for charged leptons takes the form
where Λ is the effective scale. This effective Lagrangian is responsible for charged lepton mass generation, as shown in figure 2. In order to obtain the desired neutrino mixing matrix we require the flavon fields to have the following alignments:
where we also define φ ν = v ν , φ l = v l , σ = v σ and h = v. In appendix C we report the form of the potential (C2). We have verified that there exists a large portion of the parameter space where the required alignment is found to be a solution of minimization of the potential.
With these alignments the three 3 × 3 blocks in Eq. (5) and charged lepton matrices take the form
and
The charged lepton mass matrix, Eq. (14), is diagonalized by the "magic" matrix
takes the form
where
In the basis where charged lepton mass matrix is diagonal, the light neutrino mass matrix is diagonalized by the TBM-form, and the corresponding eigenvalues are given by
With these eigenvalues we obtain the neutrino mass sum rule
which is, indeed, of the type given in Eq. (4).
III. PHENOMENOLOGY A. Neutrinoless double beta decay
Using the symmetric parametrization of the lepton mixing matrix [10, 11] we can obtain the general expression of the mass parameter |m ee | which determines the 0νββ decay amplitude as 
where c ij = cos θ ij and s ij = sin θ ij , m i , i = 1, 2, 3 the neutrino masses, and we adopt the symmetric parametrization where φ 12 and φ 13 are the two Majorana phases.
By varying the neutrino oscillation parameters in their allowed range one can plot |m ee | in terms of the lightest neutrino mass. Depending on which is the lightest neutrino one can have two different spectra, normal and inverse hierarchy, respectively. In the latter case one has a lower bound, on quite general grounds, as in this case there can be no destructive interference between the light neutrinos.
In the present scheme, however, as noted in Ref. [16] , the neutrino mass sum-rule can be interpreted geometrically as a triangle in the complex plane, its area providing a measure of the Majorana CP violation. Then, fixing the (ξ, χ) parameters for each model one can, in principle, determine the two Majorana CP violating phases.
As a result there is a lower bound on |m ee | even in the case of normal hierarchy (for other schemes of this type see, for example, Ref. [16] and references therein), as illustrated in Fig. 3 .
B. Quark sector
Quarks are introduced as in table III where, differently from the lepton sector, we assign the fist and second families to a doublet representation of S 4 and the third family to a singlet of S 4 , namely 
We add flavons φ D,S in doublet and singlet representations of 
As in the charged lepton sector the dimension five operators can be given in terms of renormalizable interaction by introducing suitable messenger fields. Taking the VEV of φ D in the direction (we verified that it is a possible solution of the potential)
the mass matrix for the quarks is
which is very similar to the one proposed in Ref. [29] where a fit of the quarks masses and mixing has been performed and we refer to that paper for more detail.
C. Finite θ13 value
As we have discussed so far the model leads to the tribimaximal mixing pattern. However by coupling an extra S 4 -doublet flavon field one can obtain corrections from the charged lepton sector which induce nonzero values of θ 13
as recently suggested by the T2K [14] and Double-Chooz [15] results [2] including also recent reactor flux calculations.
For example, consider a flavon scalar doublet under S 4 , Φ ∼ 2 and transforming as (ω, +) under Z 3 × Z 2 . In the Lagrangian we must then include the term
This is a dimension five operator which can be obtained from a renormalizable Lagrangian by means of the messenger fields χ, χ c of table I as shown in figure (2) . Assuming that Φ acquires VEV Φ = (u 1 , u 2 ), a natural vacuum alignment is u 1 = − √ 3u 2 , since this is consistent with the previous alignments in Eq. (12) . Using multiplication rules in Appendix A one finds that the contribution from this term to the charged lepton mass matrix is
which modifies the diagonal entries δM l in the charged lepton mass matrix, M l , so that the total M l + δM l is no longer diagonalized by U ω . This way one can induce a potentially "large" value for θ 13 , as hinted by recent experiments [14, 15] , and also potential departures of the solar and atmospheric angles from their TBM values.
Moreover, in the presence of a nonzero θ 13 one finds correlations among these neutrino mixing angles. The most interesting of these involves the solar angle, as illustrated in Fig. 4 . The horizontal dot-dashed line indicates the best fit in the global analysis in Ref. [2] . On the other hand the region in the vertical band delimited by the dotted lines corresponds to the 3σ region found in Ref. [2] . One sees how the departure of the solar θ 12 from its TBM value can be substantial and largeθ 13 values require the solar angle to lie below the TBM prediction The S 4 group is the discrete group given by the four objects permutations. It contains 24 elements and can be obtained from two generators, S and T , satisfying:
The S 4 irreducible representations are two singlets, 1 1 , 1 2 , one doublet, 2, and two triplets, 3 1 , 3 2 . The product rules are given by (for more details see [32] .)
where we can introduce the notation [µ×µ] and {µ × µ} for the symmetric and antisymmetric part of µ×µ respectively:
Given the following representations
As the representation matrices can be choosen all reals, the conjugate representations transform in the same way.
For the product of one dimensional representations the Clebsch Gordan coefficients are the trivial products of representations, and also for the product of the 1 1 singlet with any non-trivial representation
For the product with the 1 2 singlet
The Clebsch Gordan coefficients for the product 2 × 2 are
For the couplings 2 × 3 1 and 2 × 3 2 , we have respectively Each term in the Lagrangian for neutrinos and charged leptons can be decomposed by components as:
